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Cytomegalovirus (CMV) increases tuberculosis (TB) risk, but
its relationship with latent TB infection (LTBI) is unknown.
Using US nationally representative data, we report that CMV
was independently associated with LTBI (odds ratio, 2.94; 95%
CI, 1.19-7.28; P = .02). CMV and LTBI were associated with
higher C-reactive protein, suggesting chronic inflammation.
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Latent tuberculosis infection (LTBI) and cytomegalovirus
(CMV) have exceptionally high global prevalence worldwide.
An estimated one-fourth of the world’s population has LTBI
[1]. CMV has an even higher global prevalence. The epidemi-
ology of the 2 infections is similar with regard to age and sex
distribution, variation in regional prevalence, and overlapping
risk factors [2, 3]. Both CMV and LTBI have been implicated in
chronic inflammation and increased risk of noncommunicable
diseases, including cardiovascular disease [4].

TB disease remains a top global cause of death from an in-
fectious disease [5]. Chronic viral infections such as HIV, hep-
atitis C, and human T-lymphotropic virus type 1 increase TB
disease risk [6-8]. Similarly, recent studies indicate that CMV
infection increases risk of progression to TB disease, likely
through enhanced CMV-driven T-cell activation and im-
mune dysregulation [9]. However, whether CMV infection is
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associated with increased rates of LTBI has not been investi-
gated. We used US nationally representative data to determine
whether CMV seropositivity was associated with LTBI. We also
explored whether LTBI and CMV infections were associated
with enhanced systemic inflammation using C-reactive protein
(CRP) levels.

METHODS

We used data from the National Health and Nutritional
Examination Survey (NHANES) from 1999 through 2000 for
cross-sectional analyses. NHANES is conducted by the National
Center for Health Statistics, Centers for Diseases Control and
Prevention, and comprises a series of cross-sectional surveys
with a multistage probability cluster sampling design. For
1999-2000, NHANES examinations included tuberculin skin
testing (TST), tuberculosis questionnaires, and cytomegalo-
virus (CMV) antibody testing.

Tuberculosis assessments were conducted for persons age
21 year. We defined LTBI as NHANES Tuberculin Skin Test
skin induration 210 mm. We excluded individuals who re-
ported prior history of TB disease or prior LTBI treatment in
the questionnaire.

CMV antibody testing of stored sera was conducted in
NHANES participants age 6-49 years. CMV-specific immu-
noglobulin G (IgG) was measured with enzyme-linked immu-
nosorbent assay (ELISA; Quest International, Inc., Miami, FL,
USA). CMV IgG optical density (OD) was used as a quantitative
measurement of CMV antibody responses [9, 10]. We also ex-
tracted available antibody testing results for Helicobacter pylori,
Toxoplasma gondii, and hepatitis C virus.

CRP levels were quantified by latex-enhanced nephelom-
etry. High CRP was defined as CRP concentration 20.3 mg/
dL [11]. History of diabetes mellitus and current tobacco
use were defined as previously described [12]. We retrieved
sociodemographic variables and available anthropometric and
cardio-metabolic parameters including body mass index (BMI),
low-density lipoprotein (LDL) cholesterol, high-density lipo-
protein (HDL) cholesterol, and triglycerides.

Statistical Analyses

Statistical weights were used in analyses to account for com-
plex survey design, survey nonresponse, and poststratification
adjustment to match total population counts from the Census
Bureau. Continuous variables were presented with weighted me-
dians and interquartile ranges (IQRs), and categorical variables
with frequencies and percentages. Categorical variables were
compared using the Pearson X test with a Rao and Scott second-
order correction using an F statistic with noninteger degrees

BRIEF REPORT « OFID « 1


https://orcid.org/0000-0001-7631-9796
mailto:yuri.vanderheijden%40vumc.org?subject=
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

CMV IgG ; .

Male sex

»

Age 20-29

Age 30-39

L 2

Age 40-49 ' +

*

Foreign born

3-5 in household ' +

26 in household +

H. pylori 1gG positive

CMYV optical density from ELISA

i

Hepeatitis C 1gG positive I *
1 5
Odds ratio (log scale)

10

Figure 1.

1520 25 No LTBI LTBI

A, Multivariable logistic regression model assessing the relationship between CMV and LTBI, adjusting for age group, sex, US birth vs foreign birth, household

size, H. pylori antibody status, and hepatitis C virus antibody status. Adjusted odds ratios were determined by adjusting for each of the other factors. The marker on the hori-
zontal lines denotes the odds ratio, and horizontal line denotes the 95% Cl. The vertical line shows an odds ratio of 1.0. B, Box plot of CMV optical density by LTBI status. The
top and bottom box edges denote quartiles, and the line in the box denotes the median. Minimum and maximum values are denoted by ends of lines. Abbreviations: CMV,
cytomegalovirus; ELISA, enzyme-linked immunosorbent assay; IgG, immunoglobulin G; LTBI, latent tuberculosis infection.

of freedom, accounting for survey design. Logistic regression
models were used to assess the association between LTBI and
CMV and between LTBI and high CRP adjusted for potential
confounders. Model selection was based on Akaike information
criterion (AIC). Analyses were performed using SAS, version
9.4. P values <.05 were considered statistically significant.

RESULTS

Of 7363 participants, 403 (5.5%) had LTBI. Participants with
LTBI were older (median age [IQR], 44 [33-56] years) than
those without LTBI (median age [IQR], 34 [18-50] years) and
more likely to be male (61% LTBI vs 49% no LTBI), to be for-
eign born (61% LTBI vs 17% no LTBI), and to have a Bacille
Calmette-Guérin (BCG) vaccination scar (20% LTBI vs 7% no
LTBI) (Supplementary Table 1). Of 4215 tested for CMV, 90% of
participants with LTBI were CMV positive, compared with 58%
of those without LTBI. Similarly, a higher proportion of partici-
pants with LTBI had Helicobacter pylori, Toxoplasma gondii, and

hepatitis C virus than those without LTBI among those tested.
A higher proportion of participants with LTBI had high CRP
than those without LTBI (45% vs 31%).

CMV IgG-positive status was associated with LTBI (unad-
justed odds ratio [OR], 8.37; 95% CI, 3.67-19.05). Older age
(age 30-39 years and age 40-49 years compared with age 6-19
years), male sex, foreign birth vs US birth, and large household
size were also significantly associated with LTBI (Figure 1A).
Positive CMV IgG remained associated with LTBI (adjusted
OR, 2.94; 95% CI, 1.19-7.28) (Supplementary Table 2) in a
multivariable regression model adjusted for age group, sex, US
birth vs foreign birth, household size, H. pylori antibody status,
and hepatitis C virus antibody status. Both LTBI (OR, 1.49; 95%
CIL, 1.06-2.07) and CMV (OR, 1.32; 95% CI, 1.08-1.61) were
associated with high CRP in weighted univariate logistic regres-
sions. LTBI (OR, 1.5; 95% CI, 1.03-2.2) was significantly associ-
ated with high CRP in weighted multivariable models adjusted
for BMI, monocyte-to-lymphocyte ratio, current smoker, and
sex (Table 1).

Table 1.

Univariate Logistic Regression and Multivariable Logistic Regression Models Evaluating the Association Between High CRP and the Following

Factors: LTBI, Body Mass Index, Monocyte-to-Lymphocyte Ratio, Smoking Status, and Sex

Covariates Unadjusted OR (95% CI) PValue Adjusted OR (95% ClI) PValue
LTBI 1.49 (1.06-2.07) .02 1.5 (1.03-2.2) .04
Body mass index 1.17 (1.15-1.18) <.0001 1.17 (1.15-1.19) <.0001
Monocyte-to-lymphocyte ratio 8.28 (4.61-14.9) <.0001 26.81 (11.94-60.21) <.0001
Current smoker 1.01 (0.82-1.23) .90 1.47 (1.16-1.87) .002
Male sex 0.49 (0.42-0.56) <.0001 0.4 (0.33-0.49) <.0001

Adjusted odds ratios determined by adjusting for each of the other factors
Abbreviations: CRP, C-reactive protein; LTBI, latent tuberculosis infection; OR, odds ratio.
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Weighted median CMV optical density (IQR) was signifi-
cantly higher in individuals with LTBI than those without LTBI
(2.02 [1.36-2.58] vs 0.75 [0.22-2.15]; P < .001) (Figure 1B).
CMV optical density tertiles also corresponded to increasing
LTBI prevalence. In the first tertile of CMV optical density,
LTBI prevalence was 1.3%. In the second tertile of CMV op-
tical density, LTBI prevalence was 4.3%, and in the third tertile
7.5%.

DISCUSSION

Our cross-sectional study demonstrated a significant associa-
tion between CMYV seropositivity and LTBI in a nationally rep-
resentative survey of the US population. Male sex, older age,
birth outside of the United States, larger household size, and
hepatitis C seropositivity were also independently associated
with LTBI. Median CMV optical density was associated with
LTBI, and tertiles of CMV optical density corresponded to in-
creased prevalence of LTBI. Both LTBI and CMV were associ-
ated with high CRP levels.

TB prevention efforts focus on identification and treatment
of those with LTBI who are most likely to progress to active
TB disease. Although previous studies indicate that CMV may
increase risk of progression to active TB disease [3, 9], no prior
studies have investigated the occurrence of CMV and LTBI
coinfection. Our results are important as they demonstrate that
LTBI and CMV coinfection is common, which may have im-
plications for TB progression and outcomes. Our findings also
raise an important question of whether CMV may contribute
to increased host susceptibility to establishing TB infection,
particularly due to its broad impact on human immunity [13,
14]. There is increasing evidence on the role of coinfections in
TB pathogenesis, as chronic viral infections have been demon-
strated to promote Mycobacterium tuberculosis (Mtb) burden,
delay Mtb-specific T-cell priming, and contribute to TB mor-
bidity in experimental conditions [15]. Although our focus was
on LTBI and CMV coinfection, we also found that hepatitis C
virus was independently associated with LTBI. This suggests
that LTBI clusters with other chronic viral infections besides
CMYV, which may also affect Mtb infection outcomes [8, 16].

Both LTBI and CMYV infection have been associated with im-
mune activation. Studies suggest that LTBI is associated with
increased levels of T-cell activation markers and cytokines in-
cluding interferon-gamma [12]. High tumor necrosis factor-
alpha and interleukin-6 levels are associated with high CMV IgG
responses and may mediate CMV-driven cardiovascular disease
mortality [10]. The implications of chronic immune activation,
inflammation, and associations with cardiovascular disease are
particularly relevant given increasing attention to the high prev-
alence of cardiovascular disease and other noncommunicable
diseases in low- and middle-income countries, many of which
have high co-prevalence of LTBI and CMV infection. In this
context, our study findings of associations between CMV, LTBI,

and higher CRP levels highlight the need for further under-
standing of infection-related immunologic mechanisms for
cardiovascular disease pathogenesis and associated targets for
intervention, including whether upstream prevention or treat-
ment of infection could impact outcomes. We analyzed CRP as
it was the only inflammatory marker available in NHANES, but
future studies could include a broader profiling of systemic in-
flammation and immune activation parameters in the setting of
LTBI and CMV coinfection.

The strengths of our study include the large sample size of the
NHANES database and associated testing including CMV IgG
optical density measurement. The limitations of our study in-
clude the cross-sectional study design, which does not allow de-
termination of causation, nor determination of whether CMV
infection may increase risk of LTBI or the reverse. Furthermore,
since acquisition of LTBI and CMV share similar risk fac-
tors, clustering of these infections may be a manifestation of
common individual, socioeconomic, and environmental fac-
tors, which we could not fully evaluate. We used the most recent
available NHANES data when both CMV and LTBI testing were
performed; future studies with updated data using interferon
gamma release assay results could be informative.

The association between CMV seropositivity and LTBI in our
study raises important questions about immunologic mechan-
isms that may modulate host susceptibility to different infec-
tions and how exposure to multiple pathogens may contribute
to the pathogenesis of noncommunicable diseases. Further
studies on the interplay between TB and CMV in high-burden
settings may lay additional groundwork for understanding im-
portant underlying mechanisms and subsequent targets for
intervention.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.
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